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AI IS’I’ILACH$

hiollitori]lf~  frccmtllaw’  traasitiolis of the soil alId vq,clatioll ia
high latituf.fc  tcrlcstrial  ccosystwns  is useful  for dctcr]ailliag  tllc
]c]gth  of the growing  NasoII,  anrl for moaitoria.g  potwltial  diilIi-

,,
ap,(’  to IIvlllc; plants due’ tc) fm’zil!g  and ftost drouglit.  We plcsc)lt
a tcclltliquc  fo] laollitorill?,  frcczc-il  law cycles  using,  Icjwat-l)ass
SAI(  data fro],,  the l)uio  ImI, Rm[lotc  Scllsiag, Satell i te,  1)1{S-1,
100 kt!l ill swat]!  w i d t h ,  a!ld Incmickcd  togcthc’r  alo],~, a Norl]k-
%uth A l a s k a n  tralwcct 1400 kIIn  itl ]mI.  glh.  llcczillr;  of tllc soil
slid  vcgctatio]l i s  dctcctcd Imsml 011 a  3 d]) dccjcasc  ilt radar
closs-scctiol)  0(’ relat ive to a  ktiowa  thawed  slate of tllc  laTi&
scapo.  ‘J’IIc dcclcasc ili a“  is cwpltiiacd  by radar  backscattvr  JIIOd -
cls as rcsultitlg  froll] a large clcclc:w cjf tllc cliclcclric  mllsta]lt of
tllc soil aw:l  vq,ctatioll with flcczillg,.  ‘J’l,e  tccllllique  is Wlidiitd

usiag air-t cvaperaturc recordings fro]]] 3 forest  stands  along  ~lle
‘J’allalla  R i v e r  IIcar hfalllcy  IIot Sl)rillp;s, and frolll  lc)cal  wmthm
statioas  alc)]lg t h e  trallsccl. ‘J’lIc tccllllique  d o e s  Ilot al,l,ly  t o

areas of stalldilg water, but is indcpmdmlt  of tllc  type of vcg-
ctatioa  cover,  aud  pcvlaits t h e  q)atial a]ld tclnporal  Iooaitoril!g
of frccwing of the Ilatural landscape at tllc rqjollal scale.

IN’J’ILO1)UC’J’ION

l}cczilig al, d tllawilip,  l,lay  a ltI:Ij(~l r o l e  i], IIi:,f,  latiludc ccc,sys-
tmas. l}ccziag and  frc)st  drougl~t  ]csult ill potential  clalna:,c  f o r
living  plants  al)(i IIavc ii profoulid  cfl’t)ct 011 t h e  aatural distli-
butioll of vcg,ctatioli  tylm slid  t he i r  prolifcratio]l  [1];  frcczill:;
and  tllav,rill~ dissipate IIION, tllna half of tllc annual  cncrpy  fxll-
allcc  ill tllc Alctic [ ? ] ,  atid dolai)latc!  t}ic cliq,.v bala]ice  dulillg,

I flC’CZillF;  StlOllF;l~ lllOdll-s}jrillgl)roak-u})  a]id fall frwzc,-u});  all( ,
kit{  the lmlgtll  of the glowiag scaso]l,  which  is ilapo]  laat to II IOa -
itcw for cs(ilnatitl,g  an]]ual  product ivi ty in tllc bcmcal forests and
ia tllc tulldla,  and  f o r  ulldm+talldilig  t h e  iatclactiolls Lwtwcml
land  and  atl]lospllerc a]id I,io:,c,>cll<lllical cycles [3].

A tccllliqu(’ for cstill]atitlg  t]~c ]cvi:;th of t]lc’ gIowi]Ig  sc’asoII  is
to assullw  ]Io l)liotosyatllesis  occurs wlIctI air-lclll})clatur(s  drop
Lwlow  -T’(;  [4] .  Surface tmi]pcraturcs  IIlay lx, e s t i m a t e d  flol]l
tllCllll~l  illfrarcd  clnissiolls,  l)u1.  t}lc ]ll(,as~ll~~,lellts  aTC ]i,,lit~>d
b y  c l o u d  cove] iilid arc o]Ily avail  al]lc at IO-day to OIIC IIlolltlj
intervals. 11’rcwillg  rates  m a y  a l s o  depctic!  0], tree slwcim,  (g,.
white spruce trees show a rapid  rcsl)ollsc  to fluctuations ill air.
tctlll,cratu  cc wllilc  balsala }]ol)lar  t r e e s ,  bccausc  of tllcir IIigllcl
coaccmtratioll  of sugars, take smvmsd  days to frcczc.  l,’rccm/tl  law
patter]ls  arc also affcctcd  by clcvatioll,  anrJ cx~)osurc to the s u a ,
suggesting that nlcasurcljlcllts clircctly  related to l)llasc  cllallgm
Of  tllc water  colltellt of tl(c soil slid  vc,gctatiorl  would Ijc b e t t e r
than }JrcNy ilidicators  SUCII as air or sulfate tcllll)cjatulc.

A t  IIliclowavc  fiquelicics,  fleczillg  lcsu]ts i]) a dralaatic dro])
o f  tllc dic~l,cctlic  constant  o f  tllr sc)il a]ld vc:,etatic)ll  cquiva]c]it
to that  of a suddcil  dryillp; of t;lle soil  and vcgctatio]l  siljcc  tile
l i q u i d  V,ratcl cotltcl,t of fro?cli  soil and  froze,) vcp,ctatioll  is vc]y
sljlall. 1’01 v e r y  v.,ct s o i l  and ve~ctatioll, tllc r(,al lJa I t of tllc
diclcctlic constant  is (, R 30- 40, wllclcas  for f](,ma/dly  soil a],d
vq,ctatioa,  (T X 3- 4 (c, ?,. [5]). }f’rcezillg  tllcrcfore  corrpsl)oll[ls  10
tllc il)ost  drall]atic  clia]ip,c i]) tllo die]cctiic l)lol,ertics  o f  ]Iatula]
tcrlitili,  ii]][l 8]IouI{I be rcadi]y  d{!tcctC~l I)y SA]{S,

RILS-1  SAN I)NJ’A SIYJ’

1:1{ S-1 opclatcs a  SAI{ illstrulllcvlt  a t  (~-baltd flcqurnlcy,  VV
l,olarizatiotl,  23° look aa~,]c, with a 100 kln sw’atll, and at 30111
aolllillal  rcsolutic~ll [ G ] .  l)u]illg  tllc 1991 ~oli)lllissic]llillp,  l’llasc
(08/03 - 12/15), 1;1{S-1  followed a sut,-syllcl,ro],ous  pola] olbit at
a mcaa  altitudcof 785 k]o W’itll al] exact 3-day rcJ)eat  cycle.  hi:,.  3
shows  the dcsccndillg  repeat-track of l;l{S  - 1 that illtcvcc,l)tcd with
the city c,f Malllcy  IIot Spriags at al)out  1:00 p]!]  Altiskii daylip,l!t
tillle.  ‘J’lIe clata col lected by 1)1{ S-1 over that tralisocl ill 1991
UC]{ procmsml,  and  calibrated by tlic Alaska  SA1(  1,’acility (ASI’)
at the Ullivmity  of Alaska’s Gcoplly  ’sical Imstitlltc  ill l“ail})allks,
Alaska [7]. ‘J’l, c calibration accuracy is about 1 d]],  and  tllc rada]
gain  stability is rc}mrtcdly  lmttc,r  tliali  0.33 dll [8].

Using  repeat-l)ass ,‘SAlt datii  ]llC,S(>llt  SC!\’Cl  ,11  d(]\’alltilF,(S.  ‘J’l,c

incidcvlcc  allglc  of tllc Iadar illul[lillatioli  is repeated wit]lill  flac-
tiolm  of a de.glee durill:, every  pass, so F,ccnllctric  distortic~lls  ill-
duccd  by t h e  illlag,illg  ,qcolrlc  try al)d topoglal)hic variatiolis arc
exact ly rqcatcd,  co-rcgistraticul  of the data is lil[litcd  to tllc  dc,-
tcrlai]iatioa of a siag,fc  pixcd  ofl’set [9], and chaagcs  ill 0“ call Im
allalyzcd  direct ly from slallt-raagy  illlagcry.  If cllalgcs  arc  alla-
ly7ul  usil,p, the ratio of tile 0“ v a l u e s , tllcy  arc  illrlel,c:ldc)lt  of
radioll]ctli(  Cillilllati  O1l erlors  [10] slid  cjf toljc]gla])llic  Variations.

hlosaickili~,  1)1{ S-1 ](])~iit-])a.  s SAl{ itllagcs  top,ctllcl  i s  y e t

colllplicatcd l~y various tylm c,f p,cwnctric  disto]tio)ls  ill tllc SA 1{
data that  vtily  along  track due to altitude and II;altll  ve loc i ty
changes  V.itllill the 100 kl)l

2  scctle  [1 1] ,  rcsultilig ill Ic,gistrfitioll
ctlors ill the overlapping scglllcats of collsccotivc  itlla~,m. ‘J’l Iww
criers arc not  visible ia the SAI( IIlosaics,  but they  ap}wa] d i s -
t i n c t l y  cluriag  cliallgc  detcctioll,  cg. ill lnoulltainous tm]aili.

I)X1’II:ILIM}:NT’AI) ltlMIJI,g’S

Air-tclnlmraturm  were collc,cted ill 3 tree stauds  ill a folcst silt
IIear hlanlcy IIot Springs)  150 klil West  o f  l’airballks, stltd wcw
also l)rovidcd  by 7 weather stations witllill  tllc l’;l{ S-1 trallsccl.
11’ig. 3 shows a dccrcasc  ill 0° o f  al)out  3 d]] ill a black  sl)rucc,
stallcl  bctw,cc,tl I)(3Y  (day of,ycar)  270 wllcrc, air-tcll~]]<,rat~lrcs arc

wdrla  and l)OY ’290 w h e r e  air-tctilpcraturm are several  dcgrccs
Iwlow frcc~illg.  A dccrcase  o f  a b o u t  the salrlc  magnitude  w a s
OLSCIVWI  ill balsalil  pc)l)]ar, wllit~  sl)ruce,  and trm-less  stal!ds, lVc,

iutcrprct this cfcclcasc  ill O“ usiap, the hfl  Ml~S radal backs  cattc,r
lnodc]  as rcsultiag from a large dccrcase  ia the dielectric collstaat
c,f tllc soil and vegctatiotl with frccziag  [12]. A silailar  decrcasc
ill 0° was lileasurcd  fc,r bare soils usilig  a scattcro]aetcr [1 3].

‘J’c, d~tect  frccr,irlg we tllcrcfore collll)~ltc tllc r a t i o  o f  tllc  o“
values  ill ]cfc~lcllcc,  t o  a  Iiilov,]) tlla!$,cd state of tllc  vcg{,tfitioll.
‘J’l)c landscalw i s  flozcll  wllcti tllc  dccwasr  ill o“ i s  lar~,cl tl~fill
3  d]!.  III this s tudy,  tllc tccll;!irlue  is al)}jlicd  to all clitilc Noltlb
Soutl)  Alaskali  traliscct. ‘J’},(,  rcfcrc]lcc  tllawcd  date is I)OY  2 2 4
(I{cv.  # 384,  A u g u s t  12, 1991) bccallsc  ail-tc~,!~,c]atu]cs  WC,C
t}lo]l warlll  a ad above  ZQ]O all across tllc  t! allscct. ‘J’lic resul t s
c,f tlie challgc  detcctio]l tc, clll~ique arc  SIIOWII  ill 1,’ig.  2. 11’rccz,illg
i s  f i r s t  detcctcd o]) 1)())’  254 Noltll o f  tllc  IJrooks  l{a)lgc,  and
slowly  lj:o})a?,atcs  t]lrougll  tllc  sout}lcl  II latitudes utltil  1)0% 320
WI ICI  I allilost tllc clltiro  trallscct  is ill flozcll  state,



l“i~. 4  SIIOW  tl\’CIilF,C  1;1(141  l)iiCk  SCattC’1  Viil\l(’S  (’Xtt’ii(l(,(l  f’lolll

llOll)O~CllCollS  ill(,aS ( 2 0  ,~ixcls’ alCii,  2 k!,,”  il, s i z e )  willili it f’cw
k i l l  C)f  llIC 7 WoiltllCl  stiitiolls. 111 I’IU(IIIOC  l!ii~,  flcczitlp, t(,lll -
ljcraturcs  (occur e a r l y  itl tllc y e a r  iilid y i e l d  a ,5 dl!  dccrt,aw ill
o“ o]) 1 ) 0 %  2?72. Aftcl  1 ) 0 %  2!)(), S]IOW covers  tllc  glourid, at)cl
0° incrmscs  by a fcnv dll, but  tllc  cllallgc  is tlot duc  10 lllawillg
IJut prc)bsll)]y  to Scattwillg from lalgc dc’pth  IIoill crystals  [1 2],
A t  IIcttlcs,  o“ d]c,ljs I)y IIIOIC tlla]l  3 d]] 0]1 1 ) 0 %  280 lvlicli ait-
tclllj~craturcs  alc several dcg;wcs below zcto,  Si]liiltir  results arc
ol~taillcd  in ‘J’allalia  wit]} a 3.5 d]) dccmasc  ill 0{’ o]l 1  ) 0 %  2 9 0 ,
and  ill IJakc Millcllulllilla  w i t h  a 4 d]) dccrcitsc  cr]l l)fjY 290,
l,}cczing  c o n d i t i o n s  ill l’alcwc]l  l,a!ic  l,crdgc  on I)OY  280 ]csult
itl a (lcclc:ls(,  in oc’ liil~,(}l tllall 3  (11) 0]1 I)OY 290, follow(,(l  lJy a
Wtcl 1[) ])crio(l wllicll ]ikcly tliawcd  tllc lillld  SCA])C’,  yicldillp,  il 5 (Ill

i]lcrcwsc ill O“ ml l)OY 302. After IIOY 302, ccd(l  tc]n]wlatules
rcturlied,  rcsulti])g,  ill a clccrwasc  ill 0° stllallcr  tllal)  3  d]), sup,-
gcsting that frccm-up was IIot colnplctc  ON l)OY 320.  Flcczillg
collditious rrrc rwjmrtcd  011 I)OY  312 ill Port Alswortll,  rmalti)l~,
ill a 3 d]] dcc]casc  ill 0° C)II l ) 0% 32?0, ‘J’lic o b s e r v a t i o n s  ill 11-
ialnlla arc si)nilar.  III sul[ll[)ary,  tllc frcczc  cfotcctio)l alp,olitl)lil
appears sr])plicablc  over a large ra]gc  of latitudes and  OVCI  II  IaIIy

clifl’event la IIdsca I~cs.
O“ frc~ln  river cllall]tels  a!id standiag lsikcs ill the Arctic l’laills

do IIot dccmsc  Lrctwcc]l l)OY 224 aIId l)OY 320, and iIIC ill fact
oftc]l  illcrcasillg. ‘J’his  iilcrc,aw  call be doc to  refraction of tllc
racfar  signals  at t h e  a i r / i c e  illterfa cc, a shortcl cficctivc  wavc-
lcn.gt]l of  t h e  sip;llal in i c c  comljarcrl  t o  a i r ,  and scattcli]lg  by
a rough  icc/water illtwface and  air-l,ubMm inclusions [14]. A l l
t}lcw fsictors  concur  to illcrcaso  C7°. G roullclcxl froz{,ll  lakes  ill
contrast undergo a dcclcasc in 0° [ 1 4 ] .  “J’IIc  cl,a,,~;c dctcctim
tcchniquc is tllcrcforc not  applicable to iil’C’a S of statlding  v.,ater.

11, the high  regions  o f  t]lc IIroc,ks  Range,  0° clom IIc,t chalgc
Lrccausc  tllc tcrrai]l is alrcacly  in a frozcll  state  oIt 1)0>’ 2 ’ 2 4 .
With air.tclil})clat~)rcs  abc,ut  2“~ ill l’rudlloc IIay (CICV.  24][1)
0]1 I)OY 224, and  based  0]1 a dry adiabatic laljsc  rate of 10(; pcr
1 0 0  III, subzero ail-tcl[]l,c,ratlllcs  alrwdy rcifyled  al,ovc  224 III
c]cvaticm  cm l)OY 224, i.e. ]nosl  of tllc  IIrooks  Ita)lgc.  A si]l)ila]
situatio]l  is cllcoulltcrcd  ill tllc Alaska  l{allgc.

Rcccntly  Lruri!cd  areas appc~lr clearly ill the 1;1{S-1  SAI{ iln -
agcry  (1’ig. 2 a )  due to a]) illcrcasc  ill forv.,arcl scattclill.g  Lllrougli
tree-tl ullk/p,loulid  doublo  rcflcctiolls  [1 5]. o“ takes  lo]Igcr  to d{,-
clcasc and rcacll  a stable  v a l u e  ill tltosc  a r e a s ,  iudicati)lp,  that
rcmltly Lrurllrd areas take longrr  to frcwzc.  IIltclcslil}gl.y,  WIIC]I
a file  burns ill a IIortllcl]l  black  sl}rucc forest  u]lderlaincd  by ]]cr-
ltjafm+t, tllc a c t i v e  laycl  tllickllrws  illcrcascs,  Itot fJccausc of tllc

heat  of the fiIc,  but due  to tllc  rc][loval  of tllc i]lsulatil]g  o]ga![ic
]Ilatcrial  which  lov.,cts tile sul f a c e  all)cdo  and dccrcascs  slladillg
effects of the tree caltoj]y  [1 G]. tlcncc,  the slower dcctcasc ill 0°
of tllcs~  areas  is Ii!icly duc to a tlticlicr  active, layer ill tllrsc  areas.
‘Jlis Cxallll,lc  i l lustrates tllc dcl)c]!dc-llcc  of flccv.illg latcs 011 tl]c
anloullt of soil IIjoisttllc  ill llic  soil l,rofilo  as discussed ia [17-18],

$Al{ ilnap,cry  could detect diflcrc]lccsallcl snows  that rcjmat -pass ,
in freezing rates,

C~ON~l,USIONS

l)cspit~  all cxtrcl[lc  variability ill vcgctatioll cover across t}lc tlalb
sect, dctcctilig  alcas of freeze at tllc rc:,iollal  scale  using  l;l{S  - 1
SA1{ al)l)cars  l)lolllisillg,  illdcl~cl]clellt of t]lc vcgctatioll cover, us.

illg cllallgc  detect ion tcclllliqucs.  llcczilig rates howc,vc] dcpclld
olI tllc tyJ]c of sul face c o v e r ,  slid  tol)ogra})llic  variatio]ls  c)f scv-
etal IIulidlcds  of Iilctcrs  callllot  bc ignored  during detailed atla!y-
sis of the dctcclcd challgcs,  su.gg,csting lllat ancillary illfol !Ilatlcllt
is  rquircd  to llcll~ illtcr})rct  tllc r a d a r  observatiotls.  Moliitolillg
frccm/tllaw  usitl:;  SA1{ datti could ]Iowcvcr  IICIIJ  dctc,rlllir!c  tlic
lcl,gll, of tkc g]owjl,g  scascm  willhin a fcw days, ovct large areas,
and  study its dcpcmdctIcc  olI spccics,  elevations, a]lcl  SUII illult)i  -
natiou.  l)aily  rates  of cllaligc  ill radar  backscatter  cou](i  alsc)  lIclj J

cstililatc  flccz,illp, lat C6.

III ltlis study, WC ii(l(ll CsWd  Cllilll[{(’S  ill lIIC V.’iIt(’l  Stiillls ()( (11(
b o i l  and vc?,ctaticm  collsidcrcd  as a sillglc  IIlcdiulll  wllicll  ulIdc-

p,ovs  l a r g e  flccmtllaw  cyclcv., Lccausc  sillg,l(,-clialtll(l  t adai  OIN(II
vations ale not  likely  to sqlaratc  the colltril)ulioll flolll  diflclc)ll
laycm  of the Ialldscii],e  and  for cxirIIII)lc  dc(crmiuc which of 1116
soil or vcgctatio]l  frccmx  or thaws filst.  ~olnl)itlitl~,  I;I{S. 1 dat:i
with SAIL data at  allotllcl flcqllc]lcy  c o u l d  IICIIJ scl~aratc  tltcs(,
dif[crcnt  cflccts.  l,’ill ally,  IIlotlitoritlp,  frcczc/tl  law is IIlc)rc cssctltifil
during s]~rillg blcali-up bccausc  this tilllc,.period is ]rlost clitical
to tllc start of the jycrv.’ing  scasc)ll, but  WC d i d  IIot haw CIIOUF,II
data to analyze that lmiod.  III pli]tciplc,  o 0 sliould  illclcasc, fol-

lowing  an itlcrcasc  ill the (Iiclcctric  plopc]tics  of tllc  M,]lai]l,  bul
tllc clcctlorlia~,!letic  rcspollse  of tllc surface could be co]llljlicatcd
I)y the l,rcscllcc  of Inclti]ig, st,ow into v a r i o u s  s p a t i a l  paticllls,
a]lcl by the rapidly tra]wfol  lni]lg and  glowing vc.gctatio]l,  so that
cllallp;cs  ill 0° ]nay bc assc)ciatd  tc) IIIOIC tlla]l  OIIC  f a c t o ] .

AC:l{NOWI,  F,IIC+I,MI,NI$S.  ‘J’llis work was carried out at 11)(
Jet 1’rol,ulsiot, IJsil,ormtory,  Califorljia II)stitutc  of ‘Jkcllllology,  ulldcr
contract  willl  tlic  Naliollal  Acrollautic~ atld Sl~acc  Adtllillistratio]l.
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1,’igurw  1. h!rt}l of AIHs!ia  slmwing  tllc Iocatiou of tl,c dmccl,di],g
IILS-I  Nmtll-South  tratmct duriag  tlic 1 9 9 1  Cotlllijissionill.g ]’l]a.w
thrit iatcrbcctcd with the city of hfrullry IIot Springs
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Figure 3. Air tclm
pcraturcs  rccrwdcd
ill a  black SI,TUCC
strrlld IIcar Malllcy
IIot Spring. .  along
wit}! tl]c 1;1{S-1  o“
Wlur’s,
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k’igurw 4. Air tclJll,craturc.s  rccordcd
at 7 wcatllcr statiol!s  I,ctwccll l ) 0 %
214 and 360 along wit], l;ltS-1 o“
valuea (triauglcs).  Air-tc,,,l,crriture.
arc lj]illi!llulll and ll!axillllilll (dotted
lir)cs)  trtjd average of lIIC two (colltitl-
Uous lil]c), }Jlall!is  ilidicatc rilissit,.g
data.

1,’ig,lrc !2. Nort},-%utl,  Ala.<k~ll  tral,sccts  r+.quircd  hy 1;1{S-1  SA}{
during  tl,c 1991 Cot,lll,issiol,il,g  l’llasc at l: OO},n,  Ala.s!ia clayligllt
tit!lc, North is to tllc tol,,  I;ILS. 1 ftyitlg froln tol, to bottolll  lookitjg
to its rig}lt, lacll tralmcct is 100 kr]i x 1400 liril irj size, 100 III ill
pixel &J,acirlg.  (a) A1,,l~liLrrdc  irnagc for l{ev #/ 384, I)C)Y 2?4 (rcf-
crctjce tllawcd date).  ‘-I ‘ syllltmls Illrrrk tile location of 7 w,catl) c-r
statiorjs  aloljg tlic tra]lscct,  (c-g) Ct!arlgc dctcctioll  IIlal,s for llev
#/ 814 (IX)Y 254), 1072 (DOY 272), 1201 (1N3Y 281), 1330 (1X3Y
290),  1502 (1Y3Y 302), al,d 1760 l)OY (320) bctwccri -3 cIII  (wl, itc)
a]ld + 3 dll  (l~lack),  Atcas wllcrc O“ dccrcaws by IIlorc tlia]) 3 dll
arc colored wllitc, areas tl, at do r,ot clirrr!gc  by ]Imrc ttla[l 3 cl}] ri]e
colorml grcy, a]ld areas wllcre o“ ilicrcriscs t,y II[orc tllall 3 dll arc
colored black. A black arrow Mow IIcttlc  sliows a rccclltly Lurllcd
area. @lXA,  1991,


